Upon searching local similarities in long sequences, the necessity of a 'rapid' similarity search becomes acute. 
/-tuples. Contemporary fast similarity search algorithms FASTA (Pearson, 1990) and BLAST (Altschul et al., 1990) use hashing techniques and scan database for hits. Recently another filtration method for sequence comparison, based on statistical distance between texts (Blaisdell, 1986) , has been suggested by Mironov and Alexandrov (1988) , Torney et al. (1990) and Engle et al. (1991) . Engle et al (1991) developed the program SCAAN for statistical database search and demonstrated that in certain instances SCAAN betters the sensitivity and selectivity of FASTA in comparable or faster time. The biological tests showed that SCAAN works at least as well as FASTA. This paper is devoted to the theoretical substantiation of the statistical database search.
The possibility of introducing filtration is based on the fact that upon searching local similarities in long sequences, biologists, as a rule, are interested only in windows with a sufficiently high threshold level of similarity (in other words, in windows with short distances between them), while the remaining windows are rejected. In the present study it is assumed that a threshold distance b 0 between windows is given, and the windows with the distance b > b$ are rejected. Of course, in order to reveal the windows with b > b 0 one can apply a dynamic programming algorithm with quadratic (n 2 ) complexity klk2 times (kl,k2 are the lengths of the sequences, n is the window length) and obtain, for each window pair beginning at positions i and j, the precise distance value b(ij). If one is interested only in the positions (ij) with the distance b(ij) 5 b 0 , that compose, e.g. 0.01% of the total pairs (ij), then 99.99% of time is wasted, since the information on the precise distance at b(ij) > b^ is useless.
Filtration methods allow one to give up the time-consuming computations of the distance b(ij) between all the windows by introducing an easily calculated binary filter f[ij) that has two • values 0 and 1 and fiij) = 1 implies b/(ij) > &Q. After introducing the filter / the procedure of similarity search becomes two-staged: at the first stage (filtration) function ftij) is calculated [all the window pairs for which fiij) = 1 are excluded from further considerations], at the second stage b(ij) is calculated for pairs (ij) that satisfy the condition f[ij) = 0. The filtration efficiency is determined by the share of the rejected pairs. If for a filter/, f(ij) = 0 implied b(ij) < b 0 , we would have an 'ideal' filter. However the /-tuple analysis does not suggest 'ideal' filter. This leads to the problem of filtration efficiency that is considered in the present paper. The results can be employed for 'rapid' similarity search, dot-matrix construction and optimal oligonucleotide probes selection.
Comment. In many heuristic filtration methods the measure of similarity is not explicitly defined as a minimum cost set of mutations but instead is implicit in the algorithm itself. Nevertheless, despite their rather indirect approximation of similarity measures, heuristic tools such as FASTP and FASTA (Lipman and Pearson, 1985; Pearson, 1990) have identified many distant but biologically significant relationships. Recently two approaches with rigorous definition of similarity measures have been proven to be useful in database similarity search and evolutionary tree reconstruction: statistical distance (Mironov and Alexandrov, 1988; Blaisdell, 1989a,b; Torney et al., 1990; Engle et al., 1991) and maximum segment pair (MSP) score (Blaisdell, 1989a,b; Altschul et al., 1990) . This paper estimates the parameters of statistical distance between random texts (MSP score has been studied by Arratia et al., 1988 and Karlin and Altschul, 1990) . It is worth noting that the paper is mainly of theoretical interest. The software implementation and biological applications have been described by Torney et al. (1990) and Engle et al. (1991) (detection of the members of the Alu family in primate DNA, /51 family in bacterial DNA, etc.). A fast similarity search algorithm based on statistical distance between texts has also been implemented by Barklaev et al. (1990) in software package DNASUN (Mironov et al., 1990) .
Filtration efficiency
Both the statistical /-tuple analysis (Blaisdell, 1986 ) and the Mironov-Alexandrov method (Mironov and Alexandrov, 1986) introduce a mapping h of n-letter words in R". For /-tuple analysis m = A 1 while for the Mironov-Alexandrov method m = \A 2 {A is the alphabet size, / is the maximal size of the 'gap' in the spaced dinucleotides considered).
After introducing the mapping h the similarity between words S and 7 can be determined through squared Euclidean distance between the points h(S) = {s\,
The distance d(S,T) is called the statistical distance, emphasizing its difference from the edit distance b(S,T), which is the minimal number of edit operations (insertions, deletions, substitutions, etc) to transform 5 into T.
The statistical distance (amino acid doublet composition) was used as far back as at the beginning of 1970s (Gibbs et al., 1971) . Fichant and Gautier (1987) used statistical distance to distinguish coding from non-coding sequences. Recently Blaisdel (1989a,b) used the statistical distance for evolutionary tree reconstruction and carried out a comparative analysis of d(S,T) and b(S,T) distances. These indicate that statistical distance is a natural measure of sequence similarity and that it is applicable to some biological problems. However, while a number of results concerning the distribution b(S,T) for random words 5 and T are known (Waterman, 1988) , the distribution of statistical distance d(S,T) for random words S and T has not yet been studied in computational molecular biology.
If S and T are random words, then d(S,T) is a random variable. The probability distribution of this random variable characterizes the filtration efficiency. If one is interested only in n-letter word pairs with a distance below the threshold, it is possible to introduce the threshold value of the statistical distance d$ and to determine the filter according to the rule 1 otherwise
Filtration efficiency can be characterized by the probability P\d(S,T) ^ do) determining the share of cases for which filtration does not lead to the rejection of words 5 and T. In these cases one has to employ dynamic programming algorithms. Filtration efficiency can be characterized, as accepted in statistics, in standard deviation terms Notice that
To calculate the variance Ka/-(d (S,7) ), let us first evaluate E(d (S,T) 2 ). Observe that the following five components give non-zero contributions to E(d (S,T) 2 ):
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The analysis of the components in the last formula leads to the equation:
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Hence, the filtration efficiency according to composition increases with the number of letters in the alphabet (for large n, e 0 = 1.2 for nucleotide sequences and e 0 = 3.1 for amino acid sequences). The increase in filtration efficiency for both the /-tuple analysis and the Mironov-Alexandrov method is mainly due to the potential extension of the intial alphabet. All /-tuples in the former case, and the spaced dinucleotides in the latter case are considered as letters. The following section indicates that in the /-tuple analysis the filtration efficiency increases as the square root of the number of letters in the extended alphabet, i.e. as y/A 1 . et al. (1990) for a discussion on 'weighted statistical distance', which allow one to take into account the peculiarities of nucleotide distribution.
Comments. We consider the Bernoulli texts with the probabilities of nucleotides p(A) = p{T) = P(G)=p{C) = 0.25, but the results can be generalized for arbitrary probabilities of occurrences of the letters. See Tomey
/-Tuple filtration
Upon /-tuple filtration all /-tuples are coded by numbers from 1 to A 1 and the set of n-words is mapped into R*:
where s { is the count number of /-tuples of /-type in word 5. It can be shown (see Appendix) that the mean value of d(S,T) for /-tuple filtration equals
E(d(S,T)) = 2n11 -I (1)
This result explains the phenomenon noticed by Blaisdell (1989b) : average values of statistical distance are twice the averages of mismatch count requiring sequence alignment. (for large n,e 0 = 2.3 for nucleotide sequences and e 0 = 13.5 for amino acid sequences). 
The asymptotic estimation of Var(d(S,T)) at / > 2 gives
Varid(S,T)) = -^-• G where
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( Figure 1 presents the graphs of the distribution of statistical distance, / = 1, 2, 3). This equation gives a theoretical explanation of the phenonmenon of rapid decrease of the variance of statistical distance as / increases (Blaisdell, 1989b) . The same phenomenon holds for the Mironov -Alexandrov distance as the gap size increases (data are not shown).
Comment. The statistical distance database search programs (Mironov and Alexandrov, 1988; Tomey et al., 1990; Engle et aL, 1991) choose the threshold for detecting 'hits' heuristically. The results above allow one to estimate (in standard deviation terms) the statistical significance of hits upon /-tuple database search. However, the asymptotics of the statistics d (S,7) is not considered. This problem is far from being trivial. Barlett (1951) has proved that asymptotically the joint distribution of the A 1 /-tuple frequencies of a random n-word is a multivariate normal distribution. One might assert that statistical distance has asymptotically a x 2 distribution when n -oo, but Good (1953) demonstrated that it is not correct. Good (1953) 
Discussion
Statistical distance between texts proved to be useful in detection of coding regions (Fichant and Gautier, 1987) , evolutionary tree reconstruction (Blaisdell, 1989a,b,) and database search (Mironov and Alexandrov, 1988; Torney et al., 1990; Engle et al., 1991) . Engle et al. (1991) reported that statistical distance database search gives results comparable to FASTA and announced that their program is more sensitive in detecting weak similarities (an analogous observation has been made by Barklaevc/o/., 1990). Blaisdell (1989a) evaluated various measures of sequence similarity by how well the branch lengths of an evolutionary tree fit the observed pairwise similarity measures and by how consistent the trees are for different data sets derived from the same set of sequences. It appeared that statistical distance did about as well as did the traditional edit distance requiring prior sequence alignment. In addition, the statistical distance has the advantage of being applicable to sequences too difficult to be critically alignable
Recently a new method of DNA sequencing (SBHsequencing by hybridization) based on deriving information about /-tuple composition of DNA has been suggested. The concepts of partial SBH sequencing Lehrach et al., 1991) and 'genome structural map' ) assume a library of overlapping clones with known /-tuple composition derived from SBH. demonstrated the possibility of measuring similarities higher than 70% by comparing /-tuple composition.
This paper explains some of the Blaisdell's (1989b) observations and gives a theoretical substantiation of the observed rapid increase of efficiency by /-tuple database search when / increases. Theoretical evaluations for the statistical distance between random texts can be used as well for the sequencing comparison based on SBH data and for the analysis of the genome modular structure (Pevzner et al, 1989b; Borodovsky and Pevzner, 1990) . Lawrence et al. (1986) were the first to carry out the empirical investigation of specificity and sensitivity of database search algorithms. The formulas presented here allow one to estimate the sensitivity of statistical distance similarity search in standard deviation terms. (The sensitivity of edit distance similarity search in standard deviation terms has been studied by Altschul and Erickson, 1986; Lawrence etai, 1986 and Lawrence, 1990) . An interesting open problem would be to estimate the specifitity (in the sense of Lawrence et al., 1986) of /-tuple filtration database search and to develop more efficient filters than /-tuple composition (the filters based on the inhomogeneity of /-tuple distribution were proposed by Strelez and Shindjalov, 1988 and Zharkich and Rzhetsky, 1988) .
